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[Following is a translation of an article by M. N. 
Potoskuyev in the Russian-language periodical 
Izvestiya Vysshikh Uchebnykh Zavedeniy, Chernaya 
Metallurgiya (News' of" the~Higher Educatioml'Institu- 
tions, Ferrous Metallurgy), Moscow, No 5,  May I960, 
Pages 61-67c] 

In studying the phenomena of forward flow, which by its very 
nature is very interesting, a large amount of work of an experimental 
and theoretical character was carried out. This problem acquires 
special significance in forging complex and periodic profiles 
[1 - k),  continuous and automated forging processes [£], in 
several special conditions of the process [6-8], and under 
the conditions of large forgings. 

As a result of the many-sided scientific study of forward 
flow, a whole series of equations was established which are used 
widely in the theory and practice of forging. The reasons and 
the most important factors determining the conditions and its degree 
of development were clarified? and definite experience in control- 
ling this phenomenon was accumulated. 

However, existing methods of experimental research on forward 
flow are based on measuring the path or speed of the front end of 
the strip where the corresponding sizes for all particles of the 
cross-section are identical. Meanwhile, it is known that the 
distribution of the speed of metal along the height of the out- 
going cross-section of the zone of deformation is not uniform 
[9 - 11]. This cannot but exert a marked influence on the size 
and character of the connection of forward flow with the basic 
parameters of the forging process. 

In the present study, an analysis is presented of the con- 
nection of forward flow S^with drawing q and the gripping index 

m » -™—, established on the basis of experimental research and the 

condition reflected at the boundary of the contact surface of the 
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zone of deformation from the side of the front end of the strip. 
Such an analysis permits the establishment of a number of new 
relationships which determine the forging conditions with maximum, 
rising cr falling forward flow and so on. 

The following symbols were additionally adopted in the stud;/? 
v - peripheral speed of the rollersj 
v   v 
Hk, hk - speed of the contact particles of the metal 

corresponding to the ingoing and outgoing 
surfacesj 

H, h - the initial and final thickness cf the strip| 
35 - diameter of the rollers; 

<K - gripping anglej 
Y -  critical anglej 
¥~  variable angle. 
The connection of forward flow with drawing and the gripping 

index. The study of the kinematics of the zone of deformation per- 
mitted the connection of the horizontal speed of the contact particles 
of the metal v , to be established in the following form [11]: 

2  \ 
lSk_ I    <f ,   s 

Forward flow at the boundary of the contact surface of the 
zone of deformation is Shfc « HilL- 1,  for the critical cross-section 

v    v 
vxk o v cos r andV « / . vhk 

Assuming in the first approximation cos7 « 1 and —— B / > 
. . Hk 

after the corresponding transformation of formula (l), we obtain: 

^"■^       \/        l-W'-U   |l---'-| ,     (2) 

whence 

1 + S. 
yCf 

hk 

V'    1+("2-«      -"f (3) 
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Using the kncwn condition of the equilibrium cf forging forces 
[12], we find; 

1 — X-  . ö 2-i-m 

^      h (h) 

and expression (3) can have the following final forms 

/U + (/i2—1) (m+2)        (5) 

By its content, equation (?) is universal since it reflects 
the connection of the forward flow with the conditions of m and 
the result of-"? of the forging process. All other pertinent 
[prevkhodyashchiy] factors, such as the thickness and width of the 
strip, the diameter of the rollers and compression, the' relationship 
£ » 4  and the speed of forging, the state of the band and rollers, 
D 
the temperature of the metal and other factors, exert their influence 
on the forward flow above all through m and-^ and only in special, 
artifically created cases (with the constancy of m or?< ) is it 
possible to separate the connection of forward flow with the dif- 
ferent, [prevkhodyashchiy] factors. 

The coupling of forward flow with .drawing and the gripping 
index is presented in Figure 1, in which the family of curves S^ 
emanating from a single common point on the abscissa when m « 2, 5 

satisfies the independent (in relation to <K and f) changes of m 
from 0 to 2. The intensity of the influence of m on S^ is found 
to be dependent on -7 ; the greater the value of drawing, the 
more intense is this influence. 

Moreover, equation (5>) is characterized by the influence of 
drawing. As Figure 2 shows, the intensive increase of the forward 
flow is satisfied by comparatively moderate drawings ( tf < h)• 
Even  during drawings beyond k,  the forward flow begins to approach 
asymptotically the corresponding limiting size determined by the 
value fl *■•• 3°    . 

Limiting values of forward flow. The analysis of the equa- 
tion of forward flow obtained permits the establishment of new 
regularities of its development in connection with a change in 
drawing and index m. In particular, as Figure 1 shows, forward 
flow only develops in known limits. 
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Actually, representing equation (5) in the form 

S  * 
hk _/ 

1/   m + 

we find that with an increase in drawing from 1 to   , forward 
flow increases correspondingly from 0 to several limiting values 
determined by the expression: 

(1 + Shk) limit 

V"m * 2 (6) 

In this regard, a definite limiting value of the forward flow 
clearly corresponds to each value of m. Theoretically such values 
vary from kl% when m « 0 when m « 2. These and any other limits 
depend only on index m or, in other words, on the relationship 
between the gripping angle and the coefficient of contact friction. 
If such a relationship turns out to be equal or greater than unity 
(m-7/1) in all cases of simple forging, forward flow will always 
be less than 15.6$ this makes the fact that forward flow in pro- 
duction and laboratory studies rarely exceeds 12$ understandable. 

Moreover, owing to the existence of limiting values of for- 
ward flow, the corresponding curves in the functions of relative 
compression or gripping angle will not always have a completely 
falling arcj it will break at that value of m which corresponds to 
the condition -7 « ^   . in the first approximation, when H - h 
« 0.5 D -/ d,  such a value of m is determined by the expression; 

"Wt ■ 7 -^ • (7) 

A completely declining arc of Shk is possible only in those 
cases when the condition m « 2 is approached earlier than the 
condition *7 " jO  . 

Maximum value of forward flow. It is known [13] that the 
function of the critical angle of forward flow in the function of 
the gripping angle should correspondingly pass through the maximum. 
Knowledge of ,the conditions which determine such a maximum are 
scientifically and practically important. 
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We find the condition under which the function of the forward 
flow will have a maximum by means of comparing the first derivative 
of S^y. along a\  with zero. For this purpose, let us take 

H  ■    .    „  o 
,/ya- and H - h «3 o.5D^ ^, 

'  h ' ■ 

as a result of the transformation and substitution, we obtain: 

whence 

d^y  a U  and  .?^ - 2 -  ana ^   =2        (9 in") 

Introducing the notation 

-J ,2 h  + (*}' —  1) (m + 2)j       (11) 

after a simple transformation taking account of (8 - 10), we 
obtains 

-^ "  ^<  f"m3±J: + (m + 2)*
27   (12) 

In accordance with the condition for the maximum of the forward 
flow, we have 

-> . 2z ü  ^/  — 2/4^- 
-,— (1"shk)"   ^      '- .o 

Z 

whence 

z ° ^(      « -<y  3  z  , 

Taking account of (9 - 12), we obtain: 

(U + (m * 2) (/f2 - 1) »m^i-i + (m*2)-^2, 
U 

whence the condition for the maximum of the forward flow takes the 
following final form: 
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..  LzJEl .      (13)' 
/7"  m 

Thus, the size and position of the maximum of the forward 
flow in relation to the area cf natural and positive gripping depends 
only on index m and drawings and in this regard, each maximum of 
Sb.k corresponds fully to the determined value of the one or the 
other. As it follows from Figure 3, the maximum of Shk is numeri- 
cally equal to 13.W and only satisfies //a 3 at .the   boundary 
of natural and positive gripping (m » 1). In the very areas of 
natural (m ^ 1) and positive (m 7 1) gripping, the maximums of for- 
ward flow are correspondingly more or less than 13.1$, satisfying 
the conditions//73 and /-< ^ 3. The values of the extreme maximums 
of Shk, equal numerically to zero and kl%,  correspond to the con- 
ditions m = Oj 4 » -o. m « k/3. y/(i„ in'this regard, the upper 
maximum coincides with its limiting value. As a result, the graph 
of maximum values of forward flow which begins at one common point 
with the graph of limiting values henceforth (with the increase of 

c<  ) declines more and more from it, dividing the nomogram into 
two unequal parts one of which is characterized by a rising forward 
flow and the other by a falling forward flow. 

The closed condition of the function of the forward flow. 
As Figure 3 shows, as m increases, the falling arc of the forward 
flow grows longer and longer and for several values of m which 
satisfy the maximum of Shk, it falls to zero (m » 2), thus »closing" 
the function. We shall find that condition which determines the 
closed state of the function S.-.*    For these drawing values, index 
m and the gripping angle, corresponding to the maximum and limiting 
values of S^, we shall use corresponding notation: yVmQX   

m
ms.x> 

;Kmaxand ^i±m±t,  
mlimit, =* limit. 

In agreement with (7, 8) and the notation m, we have: 

%ax Q —T" >        mlimit e —r^—      nd ^ max 

2 A __1 

^ max 

whence, as a result of the simultaneous solution taking (13) into 
account, we find 

"limit " "tax  /  8 - * mmax 
8 — 6 nu "max 

(HO 
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It is clear that the first closed curve of forward flow will 
correspond to the condition mliinit « 2. Substituting this in (ill), 
we obtain 

8 - 
»Lc-fc 1ZL1522        <i5)  ■■ 

8 -- 5 mraax 

whence by means of a graphical solution, we find mmax;r-^ 1.2l£. 
In this regard, the drawing satisfying the maximum of the correspond- 
ing curve Shk is equal to 1.581). and the forward flow itself is 
Snk ° 6<^°° 

The analysis presented shows convincingly that in practical 
conditions, the graph of the forward flow passing through the 
maximum will always break at some value of index m, if at the same 
time it passes through a value exceeding 6,5%.    Besides this, 
maximums of the closed curves of forward flow always satisfjr the 
conditions of positive gripping (^ < f). 

Conditions of forging with rising or falling forward flow. 
By means of the simultaneous solution of (8) and (13), taking account 
of the notation adopted, it is not difficult to obtain: 

/.    ^ o 

A   B    max .    8 " 5 %iax       (l6) 
2 8 ~ 6 mmax 

This expression determines the size of the relationship of the 
thickness of .the. strip to the diameter of the roller 4    for forward 
flow in the function of the gripping angle for a given value of 
the coefficient of contact friction. In particular, Figure 3 
presents values of /\   for f ■= 0.3 and the table (in the graph) 
presents the values of A  for these same curves of Suv but for 
other values of f. As is clear, each curve of S^ satisfies a 
whole series of 4 depending on the size of the coefficient of con- 
tact friction. 

By comparing (16) with Figure 3, it is not difficult to 
establish the condition satisfying forging with a rising and falling 
forward flow. Actually, if in a given pass it turns out that 

..   3 - 5m  (17) , 

8 — 6 m 

the process of forging still satisfies the rising arm of the forward 
flow since the right element of the inequality has not yet reached 
this value which satisfies the maximum of the forward flow, i.e., 
the value of the right element of expression (16). However, when 
the right element of condition (17) turns out to be greater than the 
left element, the process of forging corresponds to the falling arm 
of the forward flow. 
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Therefore, the condition of forging with a rising and falling 
forward flow in the general case can be expressed 

S v * 2     .  8 - 5m 
D ^ _   __ (18) 

where the sign for greater than ( y ) satisfies forging with a 
rising forward flow and the sign for less than ( < ) satisfies a 
falling forward flow. 

1. Polukhiri, P. I., "Forward Flow during the Drawing of Rollers," 
T^XJfeJ-^rskog0 metallurgiche_skogo _instituta [Transactions of the 
Siberian Metallurgical Institute'T7"*No 1, "lf$U 
2. Polukhin, P. I. and V. T, Zhadan, "Processing Steel and Alloys," 
Sb-i^^llSESIiE^i?*1*]^ Jtali- [Collection of the Moscow Institute 
of SteellTKo 3^71937, Pages 21*6-259 
3. Pavlov, I. M. and M. I. Kapustina, "The Production and Processing 
of Steel," ibid.,. No 29, 1950, Pages 120-lli.7 
h.    Tarnovskiy, I. Ta. and V. K. Smirnov, Obrabotka metallov davleni- 
yem [Working Metal Under Pressure], No h,  195^7TfetäUurixzä^t~ 
Pages 86-105 . 
5. Vitkin, A. I., "Rolled and Pipe Production," Sb. TsNIIChM 
[Collection of the Central Scientific Research Institute of Ferrous 
Metallurgy], No 16, 1959 
6. Pavlov, I. M. and M. N. Potoskuyev, "The Production and Pro- 
cessing of Steel," Sb. Moskovskogo instituta stali, No 29, 1950, 
Pages 139-21U ~'"~ ——  
7. Bakhtinov, B. P. and M. M. Shternov, Kalibrovka prokatnykh valkov 
[The Calibration of Rolled Rollers], 1953, Metallurgist '     " 
8. Boyarshinov, M. I. and V. V. Mel'tsev, Obrabotka metallov 
d^^nigem, No k»  19^3, Ketallurgizdat, Pag^eTTo-^B      ~~ 
9. Muzalevskiy, 0. G., Trudy Moskovskogo aviatsionnogo tekhnolog- 
j-.g£ggk°g° instituta [Transactions of the Moscow Aviation Technology 
Institutej, No~2l, 1951, Oborongiz, Pages 70-117 
10. Golubev, T. M., Stal' [Steel], No 2, 1952, Pages 138-1^1 
11. Potoskuyev, M, NT, "The Production and Processing of Steel 
and Alloys," Sb. Moskovskogo instituta stali, No 38, 1958 
12. Pavlov, I. M., Teoriya prokatki [Theory of Forging], 1950, 
Metallurg!zdat 
13. Ibid., Teoriya prokatki i osnovy plasticheskoy deformatsii 
metallov [Theory of Forging and Principles of the Elastic DefSr- 
mation of Metals], 1938, GONTI NKTP 



x% 

Wo 

! 

•AM?v 

\ 
':i :;%tSt 

flO'.,?sa-- 

'Nw;-;r*'   ftf  vr< 

AIK;3C'C Ta 

Clears I,    Illvssvr«tir/a of ttm reistioasfctp of i&irmrc? tlm- \r. 
t,.*» *>•..-„. J..._   c>* „.j,.;. J...J.J ri 

b - positive gripping. 



.5               I              i               ',               \               \               \ AW?   I        •      \ 
>W\—  •                                                      (.                                                     (                                                    'S^.l^.h'jS^SW*";^*'   *'*'                  J'*-'''J'   t**«-""'»-   -    , ( 

( !         J<^     !          !          »          \         ! ( 1     <"'*"*!            i            '       '    i            !            1 Sx) !,'"-■ —"■■-.-- 

i 
| 

[,/*                   ^                          "i                           '/                          *                          I                          \ 

-../_! j,«s:::*dL ,L.,.„ ;..._ i _4 ^;/,-»"--«■■■«■»-*■'•-■'• 

-  f /    i/*"l      j      i      1      i      ! 
1 /          V*"                 III'     »<■■;   1 

f    .'■   f         t                         _„„;.**-•-••»»f»*""™"~'i 

/       i           .J..«*"-"-""*""'''         ■   1             1             !             ! 

rz, /(it j-fi-^—j- +-.^^^,ÄMii,^^,„.-^J^«^es«r^ 

1    / /'/       1 ..^"^"i"**"     I         1         '■         1         i 
I   I      J"      ;        1        > ■       i 

. ,.,._. .j. r^..vyi_ _4  1 j. ■i(-.«Mt»«i"^«'""(»»*'*; 
■     l|//            S        .„.„i-""™*"'"?"'""        i              •              : 
• *///!    -r-    I     1            i      t     i 
;   ; My    :/"             ;                  £                 J                                    f                j                 i 

"T!'// / ~~T "1      1 *       '", "'""' T"~"" 1 
if»/ !       !       1       |       1       i       i       i 
\\lj i     |     |     ;     j     ;     |     f 

- * rff ~ "T T "   t    r: T " i "T    i 
!>/   »     •                             1 .1    i     i           f     I if .—t 1    i ..i ..      J          s          1   ■      J 

<•           J            «■          5           &           '?          6°          * 

/?£,,,:'*?*•«?      A/ 

Forward 

Figure a    B;e ctepeniSencft of fr.»rwsu?d flow on draw SHIR; 

- 1( 



; #*©«Ä 
.'im/      3g-$uCü**M  ■ /,*.**/?,- 

j - 
I    ;: 

'■■■:/ 

f  ■ i 

/ / u 

}Jti?7\ *T>&"\ofiX*% ct).s.-';srf.  01  f' 

On!- 

■v-äjjiez A    *>■ :c- 


